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High quality InAsSb grown on InP substrates using AlSb/AlAsSb
buffer layers
Bing-Ruey Wu,a Chichih Liao, and K. Y. Chengb
Department of Electrical and Computer Engineering, University of Illinois, Urbana-Champaign, Urbana,
Illinois 61801, USA
Received 24 September 2007; accepted 3 January 2008; published online 15 February 2008
High quality InAsSb grown on semi-insulating InP substrates by molecular beam epitaxy was
achieved using AlSb /AlAsSb structure as the buffer layer. A 1000 Å InAsSb layer grown on top of
1 m AlSb /AlAsSb buffer layer showed a room temperature electron mobility of
12 000 cm2 /V s. High structural quality and low misfit defect density were also demonstrated in
the InAsSb layer. This novel AlSb /AlAsSb buffer layer structure with the AlAsSb layer lattice
matched to InP substrates could enhance the performance of optoelectronic devices utilizing 6.1 Å
family of compound semiconductor alloys. © 2008 American Institute of Physics.
DOI: 10.1063/1.2836947
Electronic and optical devices based on III-V compound
semiconductor alloys with lattice constant around 6.1 Å have
attracted much attention recently.1–3 The binary alloys of the
6.1 Å family includes InAs, GaSb, and AlSb, which have the
lattice constants of 6.058, 6.096, and 6.136 Å, respectively.
The transport devices constructed based on these alloys, such
as high electron mobility transistors, have the advantages of
low power consumption and high speed.2–5 However, since
there is no semi-insulating substrate with a lattice constant
around 6.1 Å, almost all these devices were grown on lattice-
mismatched semi-insulating GaAs substrates using thick
2 m AlGaAsSb buffer layers. The thick buffer lay-
ers require an extended growth time and, in addition, their
functions of reducing defect density and providing a high
resistivity platform vary from different growth techniques.4,5
Growing the 6.1 Å family compound semiconductor alloys
on InP substrates offers several key advantages than growing
them on GaAs substrates. First, the lattice mismatch between
InP substrate lattice constant=5.869 Å and 6.1 Å is 50%
of that between GaAs substrate lattice constant=5.653 Å
and 6.1 Å. Second, the thermal conductivity of InP is twice
higher than that of GaAs, which provides more protection to
the Sb compound from overheating. However, very limited
results about growing 6.1 Å family alloys on InP substrates
have been reported. In this study, we present a technique of
growing high quality InAsSb layer using a composite buffer
layer structure which consists of a thin AlAsSb lattice
matched to InP underneath the AlSb. The semi-insulating
AlAsSb layer serves as an excellent growth template that
promotes two-dimensional 2D growth of AlSb buffer layer
and the subsequent 6.1 Å family layers leading to high qual-
ity device structures.
The buffer layer for the growth of 6.1 Å family alloys on
InP substrates consisted of a 1000 Å AlAs0.56Sb0.44 layer lat-
tice matched to InP and an AlSb layer. The AlSb layer thick-
ness varied from 0 to 1 m. On top of the buffer layer, a
1000 Å InAsSb lattice matched to AlSb was grown. For
comparison, a set of samples was grown without incorporat-
ing the AlAsSb layer. The electrical property of the top In-
AsSb layer was evaluated using Hall measurements. X-ray
diffraction XRD was used to characterize the structural
property and the etch pit density EPD study was used to
measure the defect density in the InAsSb layer.
The growths were carried out in a gas-source molecular
beam epitaxy system equipped with a 2200 l /s turbopump
and a 9000 l /s cryopump. Samples were grown on nomi-
nally exact 001 InP:Fe semi-insulating substrates. Arsine
and phosphine were used as arsenic and phosphorous
sources, respectively, and a solid antimony cracker cell with
adjustable precision valve was used as the antimony source.
Standard effusion cells were used to provide elemental group
III fluxes. The group III deposition rate was calibrated by the
intensity oscillations of the reflected high-energy electron
diffraction RHEED pattern. The growth temperature was
chosen at 35 °C below the passivated InP surface oxide de-
sorption temperature Td. In this study, the passivated InP
surface oxide desorption temperature was about 535 °C.
After depositing the 1000 Å AlAs0.56Sb0.44 layer lattice
matched to InP, the surface displayed a streaky 13
RHEED pattern. During the growth of InAsSb directly on
top of the AlAsSb layer, the RHEED pattern changed from
streaky 13 to streaky 23. The streaky RHEED pat-
terns along 110 for both cases are shown in Fig. 1. No
spotty RHEED pattern was observed even when the growth
was interrupted for 60 s after a 2.4 ML of InAsSb was de-
posited. Despite the InAsSb layer, which is lattice matched to
AlSb, has a large lattice mismatch 3.9% to AlAsSb, the
streaky RHEED pattern transition indicated that the InAsSb
was grown under a two-dimensional growth mode. When
AlSb was inserted between InAsSb and AlAsSb, the RHEED
aPermanent address: Agilent Technologies, Santa Rosa, California 95405,
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FIG. 1. 110 RHEED patterns of a AlAsSb growth on InP substrate and
b the growth of InAsSb on AlAsSb surface of part a.
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patterns at all layer transitions remained streaky, even when
the AlSb thickness is as thick as 1 m. Unlike AlSb buffer
grown directly on InP and GaAs, where three dimensional
growths always occur first then transformed into the two-
dimensional growth mode, AlSb /AlAsSb buffer layer
growth is always under two-dimensional growth mode.
The XRD spectra in the 004 reflection geometry of the
1000 Å InAsSb samples are shown in Fig. 2. The inset
shows the detailed layer structure of samples with different
AlSb buffer layer thicknesses. The upper spectrum open
circles is the sample with a 1 m AlSb buffer layer and the
lower spectrum solid squares is the sample with a 3000 Å
AlSb buffer layer. The AlAsSb layer in both samples is
1000 Å. The lattice mismatch of the AlAsSb layer in both
samples was controlled within 500 arc s relative to the InP
substrate peak. The peak on the compressive side of the
XRD spectra is the InAsSb /AlSb peak. The symmetric shape
of the peaks indicates the high structural property of the
InAsSb /AlSb layers and indicates that the InAsSb layers are
lattice matched to AlSb. The measured XRD spectra in both
004 and 115 reflection geometries show that the complete
relaxation has been achieved in the 1000 Å thick InAsSb
layers, and the As composition in InAsySb1−y is about 77%.
Since in some of the samples the defect density was too
low to be studied using cross-sectional transmission electron
microscopy, it was measured by counting the etch-pit density
EPD on the InAsSb surface, as shown in Fig. 3. The EPD
study was conducted using HCl as the etching solution. The
image of the optical microscopy showed that the etched In-
AsSb surface without AlSb buffer layer was very rough, as
shown as the left inset of Fig. 3. The EPD of this sample is
estimated over 109 cm−2. By inserting a 3000 Å AlSb buffer
layer beneath the InAsSb layer and above the 1000 Å
AlAsSb layer, the EPD dropped rapidly to 7.5106 cm−2.
The EPD of the InAsSb layer dropped further to 2
105 cm−2 by increasing the AlSb buffer layer thickness to
5000 Å. Further increasing the AlSb thickness to 1 m did
not significantly reduce the EPD of the InAsSb layer. How-
ever, the rms surface roughness determined by an atomic
force microscope was reduced to 1.7 nm. The surface mor-
phology of the etched surface on the 1 m AlSb buffer layer
is shown as the right inset of Fig. 3. On the other hand, for
reference samples grown without a 1000 Å AlAsSb buffer
layer, the EPDs are much higher and the RMS roughness is
also higher 3.2 nm.
The electron mobility of the 1000 Å InAsSb samples
with different AlSb buffer layer thicknesses was measured
using Hall measurements. The results are shown in Fig. 4.
The electron mobility increases from 2500 cm2 /V s with-
out using the AlSb buffer layer to 12 000 cm2 /V s with a
1 m AlSb buffer layer. Since both AlSb and AlAsSb are
semi-insulating and the layers were grown on semi-
insulating InP substrates, the electron conduction occurs only
in the InAsSb layer. In samples with no or thin 3000 Å
AlSb buffer layer, the high density of misfit dislocations near
the AlSb /AlAsSb interface used to release the misfit strains
reduce the electron mobility significantly. The AlSb buffer
layer turns out to be an efficient misfit dislocation filter. With
only a 5000 Å of AlSb buffer layer, the dislocation density
decreases drastically, and the electron mobility increases ac-
cordingly, even though the InAsSb is only 1000 Å thick. The
electron mobility can be further improved by further increas-
ing the InAsSb layer thicker.6 For samples grown without the
insertion of a 1000 Å AlAsSb buffer layer, the measured
electron mobility is generally 15%–20% lower as also shown
in Fig. 4.
Antimony has been widely used in compliant epitaxy
acting as a surfactant to suppress the three-dimensional
growth.7,8 The antimony atoms tend to segregate at the
growth front and reduce the surface diffusion length of sur-
FIG. 2. XRD spectra of InAsSb /AlSb /AlAsSb / InP samples with 3000 Å
AlSb solid squares and 1 m AlSb open circles. The detailed layer struc-
ture is shown in the inset.
FIG. 3. Color online Etch pit density EPD of InAsSb samples grown on
AlSb /AlAsSb buffer layer structures with different AlSb buffer layer thick-
nesses . The EPD results of reference samples without the AlAsSb buffer
layer are shown as solid squares . The left inset image shows the etched
surface of the InAsSb sample without AlSb buffer and the right inset image
shows the etched surface of the InAsSb sample with a 1 m AlSb buffer
layer.
FIG. 4. Electron mobility of the unintentionally doped InAsSb samples
grown on AlSb /AlAsSb buffer layer structures with different AlSb layer
thicknesses , and on single AlSb buffer layer structure .
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face atoms. When growing InAsSb /AlAsSb or
InAsSb /AlSb /AlAsSb heterostructures, the Sb-related sur-
factant effect dominates the surface reaction and leads to the
layer-by-layer growth mode. This reaction was observed as
streaky RHEED patterns displayed through out the growth
process. To confirm this Sb-related surfactant effect, we also
grow GaAsSb, lattice matched to InP, to replace AlAsSb in
the buffer layer structure. The RHEED pattern transition be-
tween GaAsSb and AlSb was also smooth and streaky, indi-
cating a 2D growth. The 1000 Å InAsSb layer grown on
AlSb 1000 nm /GaAsSb 10 nm also has a similar electron
mobility as those using AlSb /AlAsSb buffer layers. Al-
though the layers were grown two dimensionally, misfit dis-
locations have to form in order to accommodate the 3.9%
strain between InAsSb /AlSb and InP. From the EPD and
Hall measurements shown above, the maintaining of a 2D
growth front during the metamorphic growth of InAsSb on
InP does offer a significant advantage in material quality.
Therefore, in the unintensionally doped InAsSb layer grown
on AlSb /AlAsSb composite buffer layer, the EPD reduces
more significantly and the electron mobility enhances with
increasing AlSb thickness than those using a single AlSb
buffer layer structure. Furthermore, it is plausible to grow
6.1 Å family alloy-based optoelectronic devices on InP sub-
strates rather than GaAs substrates since the lattice mismatch
between InP and 6.1 Å family alloys is almost half of that
between GaAs and 6.1 Å family alloys. In addition, the ther-
mal conductivity of InP is twice higher than that of GaAs,
which provides more protection to the Sb-compound from
overheating.
In summary, a novel epitaxial design of growing 6.1 Å
family compound semiconductor alloys on semi-insulating
InP substrates is presented. The InAsSb /AlSb /AlAsSb / InP
layer structure ensures the high electronic and structural
properties and low EDP in the InAsSb layer on an
AlSb /AlAsSb composite buffer layer structure. This could
greatly enhance the device performance of optoelectronic de-
vices using 6.1 Å family compound semiconductor alloys.
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